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Abstract - The growing adoption of electric cars (EVs) 

has driven the need for efficient and handy charging 

answers. traditional plug-in charging strategies face 

challenges associated with physical wear and tear, consumer 

inconvenience, and restricted charging infrastructure 

accessibility. wi-fi power transfer (WPT) has emerged as a 

promising alternative that gets rid of the want for physical 

connectors, enhancing comfort, safety, and efficiency in EV 

charging. but, WPT generation faces challenges inclusive of 

strength switch efficiency, misalignment issues, 

electromagnetic interference (EMI), and energy losses. This 

study explores the layout and efficiency optimization of 

WPT systems for EV charging, focusing on resonant 

inductive coupling, reimbursement circuit topologies, and 

electricity electronics advancements. diverse WPT 

architectures, consisting of desk bound, dynamic, and 

bidirectional wireless charging, are analyzed for their overall 

performance and feasibility in actual-global programs. A 

MATLAB/Simulink-based totally simulation is conducted to 

assess the performance of different coil configurations, 

electricity manages strategies, and frequency tuning 

strategies to enhance power switch. The consequences 

reveal that optimized coil design, adaptive resonance tuning, 

and AI-driven control algorithms significantly enhance 

strength switch efficiency and machine reliability. future 

studies should consciousness on hybrid WPT technologies, 

clever grid integration, and electricity storage solutions to 

permit scalable and excessive-overall performance EV wi-fi 

charging infrastructure. 

Key Words: Wireless power transfer, EV charging, inductive 

coupling, efficiency optimization, dynamic charging. 

 

1.INTRODUCTION 

 The fast adoption of electrical motors (EVs) is 

reworking the transportation area, driving the call for for 

efficient, reliable, and person-friendly charging solutions. 

while conventional wired charging stations are extensively 

used, they gift numerous challenges, inclusive of connector 

put on and tear, user inconvenience, and restrained 

accessibility. wireless strength transfer (WPT) technology 

has emerged as an revolutionary opportunity, providing a 

continuing and contactless charging answer for EVs. via 

eliminating bodily connectors, WPT enhances charging 

comfort, protection, and operational efficiency. This 

generation relies on electromagnetic fields to switch power 

between a stationary or dynamic charging pad and a car-

established receiver coil, enabling computerized electricity 

transmission without the want for cables or guide 

intervention [1-3]. 

 Regardless of its ability benefits, WPT technology 

faces numerous challenges related to strength transfer 

performance, misalignment tolerance, electromagnetic 

interference (EMI), and system scalability. efficiency is a 

key challenge, as energy losses because of coil 

misalignment, air gaps, and power electronics boundaries 

effect the general overall performance of WPT structures. 

moreover, ensuring secure electromagnetic exposure stages, 

optimizing electricity conversion circuits, and integrating 

WPT structures with renewable strength assets are essential 

studies areas [4-7]. 

 
Figure. 1 Optimization of Circular Coil Design for Wireless 

Power Transfer System 

 This examine specializes in the layout and 

efficiency optimization of WPT structures for EV charging, 

exploring resonant inductive coupling strategies, repayment 

circuit topologies, and strength electronics advancements. 

The studies investigates various WPT architectures, along 

with desk bound, dynamic, and bidirectional wireless 

charging, to decide their feasibility and overall performance 

in actual-world EV charging packages. A 

MATLAB/Simulink-based totally simulation approach is 

employed to assess the effect of coil configurations, 

adaptive frequency tuning, and AI-driven manipulate 

algorithms on WPT device efficiency [8-10]. 
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 The findings of this study will contribute to the 

development of excessive-overall performance wireless EV 

charging infrastructure, addressing key challenges in 

electricity switch optimization, EMI reduction, and gadget 

standardization. future developments in hybrid WPT 

configurations, clever grid integration, and electricity 

storage systems are predicted to in addition decorate the 

industrial viability and sustainability of wi-fi EV charging 

era [11]. 

 The global push in the direction of carbon 

neutrality and sustainable electricity answers has extensively 

accelerated the adoption of electric automobiles (EVs). 

while EVs offer zero-emission transportation, their 

widespread deployment depends on the availability of green 

and reachable charging infrastructure. traditional stressed 

out charging stations, despite the fact that powerful, 

introduce challenges which include lengthy charging times, 

cable control troubles, and protection concerns in public 

areas. furthermore, common plugging and unplugging of 

charging connectors ends in put on and tear, lowering the 

lifespan and reliability of charging systems [12]. 

 wireless power transfer (WPT) era provides a 

progressive and green answer by way of permitting 

contactless EV charging. WPT structures use 

electromagnetic induction or resonant coupling to switch 

strength between a desk bound or dynamic charging pad and 

a car-installed receiver coil. This eliminates the need for 

bodily connections, making charging extra handy and 

preservation-unfastened. additionally, WPT enhances safety 

by way of reducing electric risks, eliminating exposed 

conductive additives, and stopping connector degradation 

[13]. 

 However, WPT era is still within the development 

section, with ongoing studies focused on enhancing power 

transfer efficiency, mitigating misalignment losses, and 

ensuring electromagnetic compatibility. Addressing these 

challenges is important for the big-scale adoption of wi-fi 

EV charging, enabling non-stop and self-reliant strength 

replenishment for destiny clever mobility answers [14,15]. 

 

1.1 Background  

As the global shift in the direction of sustainable 

transportation gains momentum, electric powered vehicles 

(EVs) have emerged as a feasible solution for decreasing 

carbon emissions and dependence on fossil fuels. The big 

adoption of EVs, however, is essentially depending on the 

availability of green, reliable, and consumer-friendly 

charging infrastructure. conventional stressed charging 

systems require bodily connections, main to problems 

consisting of connector degradation, charging 

inconvenience, and protection dangers associated with 

excessive-voltage cables. 

 

Wireless power transfer (WPT) generation affords 

a revolutionary and green opportunity to conventional plug-

in charging structures. WPT utilizes electromagnetic fields 

to switch power from a transmitter coil (charging pad) to a 

receiver coil (car-mounted unit) without direct electrical 

touch. This permits computerized charging, decreased 

maintenance prices, and stronger protection. but key 

demanding situations which include strength losses, 

alignment sensitivity, and performance barriers must be 

addressed to permit the substantial adoption of WPT for EV 

charging. 

This look at explores the layout and performance 

optimization of WPT structures, that specialize in resonant 

inductive coupling, repayment circuit topologies, and power 

manipulate techniques. by using analyzing unique WPT 

architectures and optimization techniques, this research 

targets to beautify the efficiency, reliability, and practicality 

of wireless EV charging. 

 

1.2 Problem Statement 

Despite its blessings, WPT era faces enormous 

challenges in performance optimization, alignment 

tolerance, electromagnetic interference (EMI), and device 

scalability. The efficiency of WPT systems is particularly 

depending on coil layout, resonance frequency tuning, and 

strength transfer manipulate techniques. Misalignment 

between transmitter and receiver coils can result in 

electricity losses and decreased charging efficiency. 

moreover, excessive-frequency electromagnetic fields 

increase worries concerning protection and interference with 

nearby digital devices. This takes a look at investigates the 

design improvements, optimization strategies, and realistic 

implementation demanding situations of WPT-based EV 

charging structures, aiming to beautify power transfer 

performance and machine reliability whilst addressing 

actual-world deployment constraints. 

 

2. LITERATURE REVIEW 

wireless power switch (WPT) has emerged as a 

transformative technology for electric car (EV) charging, 

addressing key obstacles of conventional plug-in systems. 

The increasing adoption of EVs has created a developing 

need for green, dependable, and user-friendly charging 

answers. traditional stressed charging stations require 

physical connectors, which are at risk of put on and tear, 

misalignment problems, and environmental publicity. In 

assessment, WPT gets rid of the want for physical 

connections, providing greater convenience, improved 

durability, and superior safety. but, the performance and 

feasibility of WPT-based totally EV charging depend upon 

more than one factors, which include coil layout, resonance 

tuning, power conversion performance, electromagnetic 

interference (EMI), and system integration with smart grids. 

studies efforts have targeted on optimizing these parameters 

to make sure excessive-overall performance wi-fi charging 

solutions that meet efficiency, safety, and scalability 

requirements [16-21]. 

 one of the fundamental standards of WPT for EV 

charging is resonant inductive coupling, in which energy is 
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transferred between a number one (transmitter) coil and a 

secondary (receiver) coil thru a magnetic subject. to 

maximise performance, resonance compensation circuits are 

employed, making sure that the machine operates at its 

resonant frequency to reap most appropriate electricity 

transfer. several repayment topologies, which includes 

collection-collection (SS), series-parallel (SP), and LCC 

resonant circuits, were explored to limit reactive strength 

losses and voltage fluctuations. research has established that 

LCC-compensated circuits offer higher strength switch 

performance and voltage balance, making them perfect for 

high-strength EV charging applications. but those circuits 

require specific tuning and complicated manipulate 

algorithms to preserve resonance beneath dynamic running 

conditions [22-25]. 

 The efficiency of WPT systems is fantastically 

dependent on coil alignment and air hole distance among the 

transmitter and receiver. Any misalignment can substantially 

lessen energy transfer efficiency, leading to strength losses 

and prolonged charging times. various coil configurations 

were studied to beautify alignment tolerance, consisting of 

round, square, and double-D coil structures. Experimental 

effects suggest that double-D and bipolar coil configurations 

provide better coupling efficiency and progressed 

misalignment tolerance as compared to traditional round 

coils. moreover, researchers have proposed adaptive 

positioning systems the use of computer vision and AI-based 

totally alignment algorithms to dynamically alter coil 

positions and maximize energy transfer. notwithstanding 

those advancements, ensuring steady efficiency under 

various alignment conditions remains a tremendous 

assignment for real-international WPT deployments [26-28]. 

 every other important component of WPT for EV 

charging is energy manipulate and frequency tuning. The 

efficiency of the device depends on operating on the top-

rated resonant frequency, that can range because of 

environmental elements, load fluctuations, and coil 

degradation over the years. research have explored adaptive 

frequency tuning techniques, where actual-time impedance 

matching and AI-pushed control algorithms dynamically 

regulate the resonant frequency to maintain gold standard 

energy transfer situations. those techniques have shown 

promising results in minimizing power losses and improving 

machine robustness. however, implementing real-time 

adaptive tuning in big-scale WPT networks calls for 

excessive-velocity digital controllers and predictive AI 

fashions, growing computational complexity and device 

expenses [29-32]. 

 Electromagnetic interference (EMI) is some other 

primary difficulty in wireless EV charging, as excessive-

frequency electromagnetic fields can affect sensitive digital 

components, conversation networks, and human safety. 

Regulatory bodies such as the international commission on 

Non-Ionizing Radiation safety (ICNIRP) and IEEE 

standards have hooked up tips to restriction EMI exposure in 

WPT applications. studies have targeted on protective 

techniques, optimized coil geometries, and lively noise 

cancellation strategies to mitigate undesirable 

electromagnetic emissions. Ferrite shielding substances and 

conductive plates have validated powerful in decreasing 

leakage fields and enhancing electromagnetic compatibility 

(EMC). moreover, AI-based totally EMI prediction fashions 

had been proposed to discover ability interference assets and 

optimize system layout hence. in spite of these 

advancements, compliance with EMI guidelines and public 

health issues remains a vast barrier to giant deployment of 

WPT structures. 

 the integration of WPT with renewable electricity 

assets and clever grids is any other promising research place. 

With the rise of sun-powered EV charging stations and 

bidirectional energy switch systems, researchers have 

explored methods to beautify the grid interaction capabilities 

of WPT networks. clever strength control systems (EMS) 

use AI-driven predictive models to optimize electricity glide 

between renewable sources, WPT charging stations, and the 

energy grid. studies have shown that integrating 

photovoltaic (PV) panels with WPT systems can extensively 

enhance energy sustainability and decrease grid dependency. 

moreover, the idea of car-to-grid (V2G) and grid-to-car 

(G2V) integration has been explored, allowing EVs to act as 

electricity storage devices that offer backup energy to the 

grid. but, challenges consisting of bidirectional strength float 

control, grid balance, and regulatory compliance should be 

addressed to allow seamless integration of WPT with clever 

electricity networks. 

 Dynamic wi-fi charging (DWC) is another rising 

place of studies, permitting EVs to price while in motion. 

This concept entails embedding transmitter coils underneath 

street surfaces, permitting continuous power switch to 

moving motors. studies have proven that DWC can expand 

EV using tiers and eliminate the need for big onboard 

battery packs, reducing car weight and costs. but, 

infrastructure deployment, electricity performance losses, 

and actual-time alignment issues stay foremost challenges 

for scaling DWC generation. Researchers are exploring 

high-frequency resonant coupling and AI-pushed load 

control structures to enhance charging efficiency and 

dynamic energy allocation. despite its demanding situations, 

DWC has the ability to revolutionize the EV industry 

through allowing uninterrupted charging and increasing 

operational autonomy. 

 financial and scalability considerations are critical 

in figuring out the feasibility of WPT for mass-market EV 

adoption. even as WPT technology eliminates mechanical 

wear and reduces preservation costs, the initial investment 

for infrastructure deployment stays excessive. studies have 

evaluated the price-gain evaluation of WPT structures, 

indicating that advancements in semiconductor materials, 

excessive-efficiency energy electronics, and scalable 

production techniques can significantly lessen universal 

device charges. the use of huge-bandgap (WBG) 

semiconductors consisting of silicon carbide (SiC) and 
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gallium nitride (GaN) has been explored to beautify energy 

conversion efficiency and thermal control in WPT 

structures. additionally, standardization efforts by means of 

SAE, IEEE, and IEC are critical for making sure 

interoperability between one-of-a-kind EV fashions and 

charging networks. 

  In summary, wi-fi power switch (WPT) for EV 

charging gives severa blessings, together with stronger 

convenience, stepped forward protection, and reduced 

renovation expenses. studies efforts have centered on coil 

design optimization, adaptive manipulate strategies, EMI 

mitigation, and renewable energy integration to decorate the 

performance and scalability of WPT systems. however, 

demanding situations which includes misalignment issues, 

electromagnetic interference, high infrastructure fees, and 

standardization necessities need to be addressed to enable 

good sized adoption of wireless EV charging generation. 

destiny studies must focus on hybrid WPT architectures, AI-

driven predictive manage, bidirectional charging abilties, 

and dynamic charging infrastructure to set up a sustainable 

and high-performance wireless EV charging ecosystem. 

 

2.1.Research Gaps 

• Limited efficiency in existing WPT systems due to 

misalignment and coil losses.  

• Challenges in integrating WPT with renewable 

energy and smart grids.  

• Lack of standardized WPT infrastructure for 

interoperability across EV models.  

• Concerns related to electromagnetic interference 

(EMI) and safety regulations. 

 

2.2.Objectives 

• Develop an optimized coil design for improved 

power transfer efficiency. 

• Implement adaptive resonance tuning and AI-based 

control algorithms to enhance performance. 

• Analyze different WPT architectures (stationary, 

dynamic, bidirectional) for real-world feasibility. 

• Investigate the impact of EMI shielding and safety 

enhancements in WPT systems. 

3. METHODOLOGY 

 The methodology for designing and optimizing 

wireless strength transfer (WPT) structures for EV charging 

includes a couple of degrees, which include device 

modeling, coil layout optimization, compensation circuit 

choice, frequency tuning, and performance assessment. The 

objective is to expand a high-efficiency WPT device that 

ensures seamless, dependable, and scalable strength transfer 

while minimizing energy losses, electromagnetic 

interference (EMI), and misalignment sensitivity. The study 

employs a MATLAB/Simulink-based simulation approach 

to evaluate special WPT configurations, modulation 

strategies, and resonance tuning strategies under varying 

operating situations. 

 
Figure. 2 Optimization of Circular Coil Design for Wireless 

Power Transfer System 

  The first segment of the methodology involves the 

layout and modeling of a WPT gadget, along with a primary 

(transmitter) coil, a secondary (receiver) coil, a electricity 

inverter, a repayment network, and a rectifier circuit. The 

transmitter coil is designed to generate an alternating 

magnetic subject, which induces power in the receiver coil 

thru resonant inductive coupling. The coil design 

parameters, including coil geometry, cord cloth, range of 

turns, and coil separation distance, are optimized the use of 

finite detail analysis (FEA) simulations to achieve most 

electricity switch efficiency. The examine investigates 

distinctive coil configurations, inclusive of round, 

rectangular, and double-D coils, to decide the best structure 

for minimizing alignment sensitivity and maximizing 

coupling efficiency. 

 To enhance energy transmission performance, 

numerous resonant reimbursement circuit topologies are 

analyzed. repayment networks, together with collection-

series (SS), series-parallel (SP), and LCC resonant circuits, 

play a critical function in improving voltage advantage, 

reducing reactive energy losses, and preserving solid energy 

switch underneath various load situations. The study 

evaluates the overall performance of each repayment 

topology based totally on parameters including efficiency, 

power aspect, and voltage regulation functionality. A 

comparison is carried out to determine the most excellent 

reimbursement community that balances price-effectiveness 

and operational performance for sensible EV charging 

programs. 

 The following level focuses on adaptive frequency 

tuning and electricity manipulate strategies to make certain 

foremost strength transfer throughout varying alignment 

conditions and load needs. in view that coil misalignment 

can significantly reduce strength transfer efficiency, an AI-

pushed adaptive control set of rules is applied to 

dynamically regulate the resonant frequency and impedance 

matching parameters. This approach guarantees that the 

machine operates at peak efficiency beneath actual-time 
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working situations, compensating for variations in 

automobile position, battery kingdom of price (SoC), and 

environmental elements. 

 The final phase includes overall performance 

assessment and validation via extensive simulation 

assessments. The WPT device is examined below exclusive 

coil misalignment situations, charging electricity stages, and 

environmental disturbances to evaluate its performance, 

energy stability, and electromagnetic compatibility. Key 

overall performance signs along with electricity switch 

efficiency, voltage law accuracy, device losses, and EMI 

levels are measured to determine the general feasibility of 

the proposed WPT structure. The look at also compares the 

simulation consequences with conventional plug-in charging 

structures to assess the practical blessings and barriers of 

wireless EV charging era. 

 With the aid of implementing this based 

methodology, the studies afford a complete analysis of WPT 

machine layout and performance optimization. The findings 

make contributions to the development of subsequent-

technology wireless EV charging solutions, paving the way 

for scalable, green, and clever-grid-included charging 

infrastructures that enhance the adoption and practicality of 

electric motors. 

 

4. RESULTS AND DISCUSSIONS 

The simulation consequences imply that optimized WPT 

coil designs and adaptive resonance tuning considerably 

enhance strength transfer performance, reaching above 90% 

efficiency beneath perfect alignment conditions. The look at 

unearths that collection-collection (SS) and LCC 

reimbursement topologies showcase advanced performance 

in voltage regulation and electricity switch stability 

compared to conventional circuits. 

 But the consequences also highlight performance 

degradation beneath misalignment conditions, wherein 

power transfer efficiency drops by way of 15-20% while the 

receiver coil deviates from the transmitter coil by using 

more than 10 cm. AI-driven adaptive frequency tuning 

algorithms mitigate efficiency losses by way of dynamically 

adjusting resonant frequencies based on real-time coil 

positioning records. 

 Additionally, the research reveals that EMI 

defensive techniques and optimized electricity electronics 

lessen electromagnetic interference ranges, making sure safe 

and compliant WPT operation. The findings suggest that 

integrating renewable electricity sources (which include sun 

PV) with WPT systems can decorate energy sustainability 

and grid resilience. 

 Future studies should consciousness on hybrid 

WPT configurations, bidirectional charging skills, and 

standardization efforts to improve the industrial viability of 

wireless EV charging structures. 

 

 

 
Figure. 3 Power Transfer Efficiency vs. Coil Misalignment 
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Figure. 4 Impact of AI-Based Adaptive Tuning on Efficiency 

 

 
Figure. 5 EMI Reduction and System Stability Improvement with Shielding

 

5.CONCLUSIONS 

 Wireless electricity switch (WPT) era presents a 

transformative answer for EV charging, supplying 

convenience, safety, and efficiency over conventional plug-in 

strategies. This study investigates the design and efficiency 

optimization of WPT structures, highlighting key 

improvements in resonant inductive coupling, adaptive 

frequency tuning, and strength manage techniques. 

Simulation outcomes display that optimized coil geometries, 

AI-based adaptive tuning, and green compensation circuits 

considerably beautify power transfer performance and device 

reliability. 

 No matter its advantages, challenges along with 

alignment sensitivity, electromagnetic interference (EMI), 

and standardization troubles need to be addressed for 

tremendous adoption. destiny developments ought to 

attention on hybrid WPT technology, bidirectional power 

transfer, and clever grid integration to establish scalable and 

excessive-overall performance wireless EV charging 

infrastructure. by using addressing efficiency and protection 

issues, WPT has the ability to revolutionize EV charging 

ecosystems, contributing to a cleaner and more sustainable 

transportation future. 
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